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Abstract

Objective: To examine the associations between pet keeping in early childhood and asthma and allergies in children aged
6-10 years.

Design: Pooled analysis of individual participant data of 11 prospective European birth cohorts that recruited a total of over
22,000 children in the 1990s.

Exposure definition: Ownership of only cats, dogs, birds, rodents, or cats/dogs combined during the first 2 years of life.

Outcome definition: Current asthma (primary outcome), allergic asthma, allergic rhinitis and allergic sensitization during 6—
10 years of age.

Data synthesis: Three-step approach: (i) Common definition of outcome and exposure variables across cohorts; (ii)
calculation of adjusted effect estimates for each cohort; (iii) pooling of effect estimates by using random effects meta-
analysis models.

Results: We found no association between furry and feathered pet keeping early in life and asthma in school age. For
example, the odds ratio for asthma comparing cat ownership with “no pets” (10 studies, 11489 participants) was 1.00 (95%
confidence interval 0.78 to 1.28) (I>=9%; p =0.36). The odds ratio for asthma comparing dog ownership with “no pets” (9
studies, 11433 participants) was 0.77 (0.58 to 1.03) (I>=0%, p =0.89). Owning both cat(s) and dog(s) compared to “no pets”
resulted in an odds ratio of 1.04 (0.59 to 1.84) (1> =33%, p =0.18). Similarly, for allergic asthma and for allergic rhinitis we did
not find associations regarding any type of pet ownership early in life. However, we found some evidence for an association
between ownership of furry pets during the first 2 years of life and reduced likelihood of becoming sensitized to aero-
allergens.

Conclusions: Pet ownership in early life did not appear to either increase or reduce the risk of asthma or allergic rhinitis
symptoms in children aged 6-10. Advice from health care practitioners to avoid or to specifically acquire pets for primary
prevention of asthma or allergic rhinitis in children should not be given.
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Pets and Asthma

Introduction

The causes of the worldwide asthma and allergy epidemic over
recent decades remain uncertain. Environmental and lifestyle
factors, possibly interacting with genetic variants, may play a role
however clear evidence for a predominant risk factor is lacking.
Pet exposure as a common indoor environmental exposure
particularly in families with young children has been of increasing
public health concern with regard to recommendations for
primary prevention of respiratory and allergic disease. Consider-
able controversy exists as to whether particularly cat and dog
exposure may be a risk or even a protective factor for developing
asthma, allergic symptoms or allergic sensitization [1-24]. The
conferred risks of pet exposure may be limited to individuals with
allergic parents [25-27].

Previous results have come predominantly from cross-sectional
studies and may therefore be skewed due to recall bias with
regards to pet keeping [7], and early symptoms [28]; in addition,
pet avoidance behaviour may distort the associations between pets
and allergic diseases [15,29,30]. The heterogeneity of results might
also be explained by differences in exposure classifications without
“clean” categories of single pets and differences in the prevalence
of pets in the community [31]. Furthermore, the climate may
influence indoor versus outdoor pet keeping and its association
with allergic outcomes [3,32].

Primary care practitioners are uncertain about respiratory
health risks or benefits of furry pet ownership particularly in early
childhood and what advice to give to parents. The objective of this
study was to improve the evidence on the primary prevention of
asthma and allergies in relation to pet keeping in early life, using
data from a large data base of European birth cohort studies. The
primary aim was to determine whether pet keeping in the first two
years of life was associated with asthma in school-aged children
(age 6 to 10 years). Secondarily, we aimed to assess whether pet-
keeping was associated with other allergic diseases (allergic or non-
allergic asthma, allergic sensitization or allergic rhinitis).

Methods

Design and included birth cohort studies

As part of the Global Allergy and Asthma European Network
(GA’LEN, www.ga2len.net) all population-based European birth
cohort studies with a special focus on asthma and allergy were
identified, contacted and their methods described and compared
[33,34].

For the present combined data analyses, three inclusion criteria
were defined: (1) European population-based observational birth
cohort studies focusing on allergy and asthma (with ethical
approval from local review boards); (ii) recruitment of subjects in
pregnancy, at birth or during the first year of life; (ii1) at least 1
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prospective assessment during 6-10 years of age (early school age);
(iv) data on pet ownership assessed prospectively during the first 2
years. To avoid recall bias about early childhood exposures, cross-
sectional studies of school-children were not considered. For each
included study the raw individual level participant data was
available for data analysis.

Ethics statement

This meta-analysis was conducted according to the principles
stated in the Declaration of Helsinki. All included birth cohort
studies were approved by their local Institutional Review Boards
and all participants’ parents provided written informed consent.
The Institutional Review Boards were for MAS: Ethical Review
Board Charité — Universititsmedizin Berlin, Berlin (Germany);
BAMSE: Regional Ethical Review Board, Karolinska Institutet,
Stockholm (Sweden); ECA: The regional committee for medical
and health profession research ethics, South-East, (Norway);
PIAMA-NHS: Ethical Review Boards Utrecht CCMO
P04.0071C, Rotterdam MEC 2004-152, Groningen M 4.019912
(The Netherlands); LISA: Ethics committees of the Bavarian
General Medical Council, the University of Leipzig, and the
Medical Council of North-Rhine-Westphalia (Germany); GINI-B:
Ethics committees of the Bavarian General Medical Council, the
University of Leipzig, and the Medical Council of North-Rhine-
Westphalia (Germany); ARC: The Regional Scientific Ethical
Committee for Southern Denmark (Denmark); AMICS-Barce-
lona: Clinical Research Ethical Committee of the Parc de Salut
Mar, IMIM, Barcelona (Spain); AMICS-Menorca: Comite etic
d’investigacio clinica de les Illes Balears (Spain); Leicester:
Leicestershire, Northamptonshire and Rutland Research Ethics
Committees 1 and 2 (UK); Isle of Wight: Isle of Wight, Portsmouth
& SE Hants HA Local Research Ethics Committee (UK).

Definition of primary outcome

Since current “wheeze” is not very specific for asthma [35], we
chose the primary outcome to be “current asthma” for the last
available follow-up during 6-10 years defined as satisfying at least
2 out of 3 parent-reported conditions (from self-report question-
naires or interviews): (i) doctor-diagnosed asthma ever; (ii) asthma
symptoms/wheezing (last 12 months) according to the Interna-
tional Study of Asthma and Allergy in Childhood (ISAAC) core
questions [36]; (iii) using asthma medication (last 12 months) [35].
For two studies (DARC, ECA) the study physician’s asthma
diagnosis was used.

Definition of secondary outcomes

“Allergic asthma” was defined as the presence of the primary
outcome “asthma” and a positive serum specific immunoglobulin
E (s-IgE)>0.35 kU/1 to (i) any aero- and/or food allergen. Further
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A) Cat only vs. no pet ownership (n=11489)

io Odds Ratio
Study or Subgroup log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI|
01 ECA -1.38926 0.74904 2.8% 0.25[0.06, 1.08] [
02 BAMSE 0.06549 0.233868 22.9% 1.07 [0.88, 1.69] -
03 DARC -0.24532 0.64068 3.7% 0.78[0.22, 2.75] I
04 Leicester 1998 0.22495 0462662 7.0% 1.25[0.51, 3.10] T
05 low -0.17955 0.232458 23.1% 0.84 [0.53, 1.32] =
06 PIAMA-NHS 0131478 0214131 262% 1.14 [0.75, 1.74] =
07 MAS -1.86792 1.058258 1.4% 0.15[0.02, 1.23] I
08 LISA 0.030791 0502159 6.0% 1.03 [0.39, 2.76] -
09 GINI-B 0.639162 0504988 5.9% 1.89[0.70, 5.10] —
10 AMICS_Barcelona 0.690047 1.247262 1.0% 1.99[0.17, 22.98] I
11 AMICS_Menorca 0 0 Not estimable
Total (95% CI) 100.0% 1.00 [0.78, 1.28] *
Heterogeneity: Tau? = 0.01; Chi? = 9.90, df = 9 (P = 0.36); I = 9% :0.01 031 ] 1?0 100‘

Test for overall effect: Z = 0.03 (P = 0.98)

Cat only is protective Cat only is a risk

B) Dog only vs. nho pet ownership (n=11433)

Study or Subgroup log[Odds Ratio] SE

01 ECA

02 BAMSE

03 DARC

04 Leicester 1998
05 low

06 PIAMA-NHS

07 MAS

08 LISA

09 GINI-B

10 AMICS_Barcelona
11 AMICS_Menorca

Total (95% CI)
Heterogeneity: Tau? =

-0.04326 0.43198
-0.27454 0.345922

-0.28403 0.541124
-0.58088 0.285038
0.078887 0.325356
-0.08591 0.684455
-0.93055 1.031189
-0.82314 1.036619

-0.02431 0576874

Odds Ratio Odds Ratio
Weight IV, Random, 95% CI IV, Random, 95% CI
11.7% 0.96 [0.41, 2.23] —
18.2% 0.76 [0.39, 1.50] T
0 0 Not estimable
74% 0.75[0.26, 2.15] -1
26.8% 0.56 [0.32, 0.98] —
20.6% 1.08[0.57, 2.05] T
47% 0.92[0.24, 3.51] S E—
2.0% 0.39 [0.05, 2.98] S —
2.0% 0.44 [0.06, 3.35] —
0 0 Not estimable
6.5% 0.98[0.32, 3.02) -1
100.0% 0.77 [0.58, 1.03]

Test for overall effect: Z = 1.75 (P = 0.08)

C) Cat and dog only vs. no pet ownership (n=10262)

0.00; Chi* = 3.56, df =8 (P = 0.89); I’ = 0%

4

0.01

01 1 10 100

Dog only is protective Dog only is a risk

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
01 ECA 0 0 Not estimable
02 BAMSE -0.12168 0.615334 15.2% 0.89 [0.27, 2.96] S
03 DARC 0 0 Not estimable
04 Leicester 1998 1.049028 0725995 12.0% 2.85[0.69, 11.85] -1 -
05 low -0.91739 0.386488 25.5% 0.40 [0.19, 0.85] -
06 PIAMA-NHS 0237058  0.4069 24.4% 1.27 [0.57, 2.81] e
07 MAS 0 0 Not estimable
08 LISA 0.706859 1.05485 6.6% 2.03 [0.26, 16.02] R
09 GINI-B 0750712 1.071991  6.4% 2.12[0.26,17.32] I e —
10 AMICS_Barcelona 0 0 Not estimable
11 AMICS_Mencrca 0.127794 0.824672 9.9% 1.14[0.23, 5.72] i
Total (95% CI) 100.0% 1.04 [0.59, 1.84] ?
Heterogeneity: Tau® = 0.19; Chi* = 8.95, df =6 (P = 0.18); I = 33% =0 o 021 b 1=0 100=

Test for overall effect: Z = 0.13 (P = 0.90)

Cat and dog only is protective Cat and dog only is a risk

D) Bird only vs. no pet ownership (n=11591)

Odds Ratio

Study or Subgroup log[Odds Ratio] SE_Weight IV, Random, 95% CI

01 ECA

02 BAMSE

03 DARC

04 Leicester 1998
05 lowW

06 PIAMA-NHS

07 MAS

08 LISA

09 GINI-B

10 AMICS_Barcelona
11 AMICS_Menarca

Total (95% CI)

Heterogeneity: Tau® = 0.08; Chi? = 11.44, df = 9 (P = 0.25); = 21%

-0.54348 0577799
0.031446 0.409978
0.739018 0.880764

0 0
-0.63859 0.556314
-0.57313  0.44661
-0.66675 0.632707
0.630741 0.526519
0.562666 0.636335
1.267583 0.714401
0.337066 0.524852

Test for overall effect: Z = 0.13 (P = 0.90)

9.6%
15.9%
4.7%

10.2%
14.1%
8.3%
11.1%
8.2%
6.8%
11.2%

100.0%

Odds Ratio
IV, Random, 95% CI

0.58 [0.19, 1.80]
1.03 [0.46, 2.30]
2.08[0.37, 11.77]
Not estimable
0.53[0.18, 1.57]
0.56 [0.23, 1.35]
0.51[0.15, 1.77]
1.88 [0.67, 5.27]
1.76 [0.50, 6.11]
3.56[0.88, 14.41]
1.40 [0.50, 3.92]

1.03 [0.69, 1.52]

—

|‘|||H L]

hd

0.01

0.1 1 10 100

Bird only is protective Bird only is a risk

E) Rodent only vs. no pet ownership (n=9484)

Study or Subgrou
01 ECA

02 BAMSE

03 DARC

04 Leicester 1998
05 low

06 PIAMA-NHS

07 MAS

08 LISA

09 GINI-B

10 AMICS_Barcelona
11 AMICS_Menorca

Total (95% Cl)

Heterogeneity: Tau? = 0.00; Chi? = 2.04, df =5 (P = 0.84); I7 = 0%

log[Odds Ratio] SE_Weight
0 0
-0.08652 0.535769 21.1%
o] 0
-0.19907 0.725861 11.5%
0 0
-0.08448 041839 34.5%
0.334738 0.85331 8.3%
-0.39439 0.754564 10.6%
0.800816 0.657044 14.0%
o 0
0 0
100.0%

Test for overall effect: Z=0.11 (P =0.91)
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Odds Ratio
IV, Random, 95% CI

Odds Ratio
IV, Random, 95% CI

Not estimable
0.92[0.32, 2.62]
Not estimable
0.82 [0.20, 3.40]
Not estimable
0.92 [0.40, 2.09]
1.40[0.26, 7.44]
0.67 [0.15, 2.96]
2.23[0.61, 8.07]
Not estimable
Not estimable

1.03 [0.64, 1.66]

—_—

——

—
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Figure 1. Current asthma. Meta-analyses of the adjusted odds ratios of asthma at 6-10 years of age and pet ownership in the first 2 years of life
for: A), cat only vs. no pets; B), dog only vs. no pets; C) cat and dog only vs. no pets; D) bird only vs. no pets; E) rodents only vs. no pets.

doi:10.1371/journal.pone.0043214.g001

definitions of allergic asthma were specified as asthma with a
positive s-IgE to: (ii) any aero-allergen (in- or outdoor); (iii) cat
allergen; (iv) dog allergen. “Non-allergic asthma” was defined as
the presence of “asthma’ without sensitization to any tested aero-/
food allergen (s-IgE=0.35 kU/I). The reference groups were non-
asthmatic children without allergic sensitization.

“Allergic sensitization” regardless of symptoms was defined as a
positive s-IgE test >0.35 kU/I for the following categories: cat,
dog, any indoor, any outdoor, any aero-, and any aero-/food
allergen.

“Allergic rhinitis” included parent-reported symptoms during
the last 12 months (ISAAC core questions: sneezing, runny or
blocked nose without a cold or flu) plus s-IgE>0.35 kU/1 against
at least 1 aero-allergen.

Definition of household pet keeping

Based on parent-completed questionnaires or interviews
between the children’s birth (or during pregnancy) and second
birthday, we defined 6 pet ownership categories: (i) cat(s) only; (ii)
dog(s) only; (iii) cat(s) and dog(s) only; (iv) rodent(s) only; (v) bird(s)
only; (vi) and no furry or feathered pets (“no pets”) as the reference
category. Six percent of families could not be classified into one of
the categories above because they had a combination of different
types of pets and were thus excluded from the analyses.
Information on pet contact outside the home or outdoor pet
keeping was not available in most cohorts. Other pets such as
reptiles or amphibians were not considered.

Our primary aim was to examine the effect of pet ownership at
any time between birth and the 2" birthday. In addition, to

PLOS ONE | www.plosone.org

Table 2. Prevalence of current asthma, allergic asthma (sensitized to =1 aero-allergen), allergic rhinitis (sensitized to =1 aero-
allergen) and allergic sensitization (=1 aero-allergen >0.35 kU/L) at last follow-up assessment between 6 to 10 years in 11
European birth cohorts.
Birth cohort, Age of children
country (sorted at follow-up
from north to south)(years) Follow-up rate Asthma Allergic asthma Allergic rhinitis Allergic sensitisation
% % % %
(n/N) (n/N) (n/N) (n/N)
ECA 10 84% 11.9 7.6 139 332
Norway (120/1010) (73/963) (135/972) (325/979)
BAMSE 8-9 84% 9.3 5.2 8.0 26.0
Sweden (308/3330) (165/3187) (255/3202) (637/2451)
DARC 6 81% 7.7 43 41" 359’
Denmark (35/457) (19/441) (18/441) (168/468)
Leicester 1998 6 57% 18.7 n.a. n.a. n.a.
UK (66/353)
Isle of Wight 10 94% 16.3 838 1.9 33.0
UK (223/1370) (110/1257) (142/1196) (314/952)
PIAMA-NHS 8 83% 7.1 27 5.5 29.7
The Netherlands (194/2720) (70/2596) (131/2374) (383/1289)
MAS 10 58% 11.2 9.1 20.0 48.1
Germany (68/606) (54/592) (147/735) (343/713)
LISA 6 71% 3.0 1.2 5.5 26.7
Germany (66/2185) (25/2144) (109/1988) (318/1193)
GINI-B 6 59% 29 13 45 27.2
Germany (64/2179) (28/2143) (90/2020) (257/945)
AMICS-Barcelona 6 64% 125 3.9' 5.8' 189"
Spain (39/312) (11/284) (15/259) (54/286)
AMICS-Menorca 6 94% 7.9 3.0' 0.5' 123"
Spain (36/458) (13/435) (2/438) (43/349)
Total 8.1 4.0 7.7 29.5
(1219/14980) (568/14042) (1044/13625) (2842/9625)
n.a.=not assessed.
'in DARC, AMICS-Barcelona and AMICS-Menorca, sensitization data were only available for the age of 4 years.
doi:10.1371/journal.pone.0043214.t002
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A) Cat only vs. no pet ownership (n=10722)
Odds Ratio
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Odds Ratio
IV, Random, 95% CI

Study or Subgrou log[Odds Ratio] SE_Weight IV, Random, 95% CI
01 ECA -1.82668 1.071096  3.3% 0.16 [0.02, 1.31]
02 BAMSE 0.411179 0.292656 26.7% 1.51[0.85, 2.68]
03 DARC 0.122402 0.771266 6.0% 1.13[0.25, 5.12]
04 low 0.050543 0.301336 25.8% 1.06 [0.58, 1.90]
05 PIAMA-NHS 0.009139 0.34829 21.5% 1.01[0.51, 2.00]
06 MAS -1.66934 1.062186 3.3% 0.19[0.02, 1.51]
07 LISA -0.04759 0784017 5.8% 0.95[0.21, 4.43]
08 GINI-B 0.954976 0.678498 7.6% 2.60 [0.69, 9.82]
09 AMICS_Barcelona 0 0 Not estimable
10 AMICS_Menorca 0 0 Not estimable
Total (95% CI) 100.0% 1.09 [0.74, 1.61]

Fa—

1l

—
—

Heterogeneity: Tau? = 0.06; Chi® = 8.84, df =7 (P = 0.26); I = 21%
Test for overall effect: Z = 0.43 (P = 0.66)

B) Dog only vs. no pet ownership (n=9032)
Odds Ratio

0.01
Cat only (0-2) protective Cat only (0-2) risk

01 1 10 100

Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
01 ECA -0.77927 0.655481 10.9% 0.46 [0.13, 1.66] —

02 BAMSE -0.33712 0.485282 19.9% 0.71[0.28, 1.85] I

03 DARC 0 0 Not estimable

04 low -0.11097 0.345308 39.4% 0.89 [0.45, 1.76] —a—

05 PIAMA-NHS -0.36691 0.627912 11.9% 0.69 [0.20, 2.37] - 1

06 MAS -0.34497 0.813654 7.1% 0.71[0.14, 3.49] —

07 LISA 0 0 Not estimable

08 GINI-B -0.05194 1.087249 4.0% 0.95[0.11, 8.00]

09 AMICS_Barcelona 0 0 Not estimable

10 AMICS_Menorca 0467794 0834648  6.7% 1.60 [0.31, 8.20] T
Total (95% CI) 100.0% 0.79 [0.52, 1.21]

Heterogeneity: Tau® = 0.00; Chi* = 1.66, df =6 (P =0.95); ?= 0%
Test for overall effect: Z=1.08 (P =0.28)

C) Cat and dog only vs. no pet ownership (n=4941)

0.01 0.1 1 10 100

Dog only (0-2) protective Dog only (0-2) risk

Odds Ratio
IV, Random, 95% CI

Odds Ratio
Study or Subgroup log[Odds Ratio SE_Weight IV, Random, 95% ClI
01 ECA 0 0 Not estimable
02 BAMSE 0 0 Not estimable
03 DARC 0 0 Not estimable
04 low -1.69665 0.750651 29.6% 0.18 [0.04, 0.80]
05 PIAMA-NHS -0.15392 0.766807 29.2% 0.86 [0.19, 3.85]
06 MAS 0 ] Not estimable
07 LISA 1775589 1.11211 21.4% 5.90 [0.67, 52.21]
08 GINI-B 0 0 Not estimable
09 AMICS_Barcelona 0 0 Not estimable
10 AMICS_Menorca 0.339847 1.202612 19.8% 1.40[0.13, 14.83]
Total (95% Cl) 100.0% 0.91[0.22, 3.74]

Heterogeneity: Tau® = 1.21; Chi* = 7.26, df = 3 (P = 0.06); I? = 59%
Test for overall effect: Z = 0.14 (P = 0.89)

D) Bird only vs. no pet ownership (n=9446)

A 0
Cat and dog only (0-2) protective Cat and dog only (0-2) risk

0.1 1 ! 100

0.01

0Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI|
01 ECA -1.64797 1.054183 8.0% 0.19 [0.02, 1.52] —
02 BAMSE 0.505781 0.487067 19.9% 1.66 [0.64, 4.31] I
03 DARC 1.484952 0973438 9.0% 4.41[0.66, 29.75] T/
04 loW -0.54306 0.764655 12.5% 0.58 [0.13, 2.60] -1
05 PIAMA-NHS -0.20958 0.626591 15.7% 0.811[0.24, 2.77] I
06 MAS -1.41616 0.828251 11.3% 0.24 [0.05, 1.23] I —
07 LISA 0.026801 1.067653 7.9% 1.03[0.13, 8.33]
08 GINI-B 0 0 Not estimable
09 AMICS_Barcelona 2.651278 1.651767 3.8% 14.17 [0.56, 360.93] -T——————*
10 AMICS_Menorca 0.51327 0.800364 11.8% 1.67 [0.35, 8.02] e
Total (95% Cl) 100.0% 1.01[0.51, 1.97]

Heterogeneity: Tau® = 0.35; Chi? = 12.36, df = 8 (P = 0.14); 2 = 35%
Test for overall effect: Z=0.02 (P = 0.99)

E) Rodent only vs. no pet ownership (n=7212)
0dds Ratio

100

001 041

Bird only (0-2) protective Bird only (0-2) risk

Odds Ratio

Study or Subgroup log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
01 ECA 0 0 Not estimable

02 BAMSE 0.057211 0.748493 26.6% 1.06 [0.24, 4.59] .
03 DARC 0 0 Not estimable

04 loW 0 0 Not estimable

05 PIAMA-NHS 0.037544 0625838 38.0% 1.04 [0.30, 3.54] —

06 MAS -0.41795 1.116857 11.9% 0.66 [0.07, 5.88] - "

07 LISA 0.728799 0.795091 23.5% 2.07 [0.44, 9.89] 0
08 GINI-B 0 0 Not estimable

09 AMICS_Barcelona 0 0 Not estimable

10 AMICS_Menorca 0 0 Not estimable

Total (95% CI) 100.0% 1.16 [0.55, 2.48] ?

Heterogeneity: Tau® = 0.00; Chi*= 0.84, df = 3 (P = 0.84); P = 0%
Test for overall effect: Z=0.39 (P = 0.70)
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Figure 2. Allergic asthma. Meta-analyses of the adjusted odds of allergic asthma (sensitized to at least 1 aero-allergen; secondary endpoint) in
early school age and ownership of pets in the first 2 years of life for: A), cat only vs. no pets; B), dog only vs. no pets; C) cat and dog only vs. no pets; D)

bird only vs. no pets; E) rodents only vs. no pets.
doi:10.1371/journal.pone.0043214.g002

evaluate whether the timing of pet ownership is relevant, we
examined different exposure periods: at time of birth; between
birth and 1** birthday, and between 1** and 2™ birthdays.

Definition of possible confounding factors

Eleven variables, if available, collected by parental question-
naires or interviews, were considered as possible confounders in
the adjusted analyses of the individual birth cohorts: 1. family
history (parents and siblings) of asthma and/or allergic rhinitis (yes
versus no); 2. family history of pet allergy (yes versus no); 3.
maternal smoking during pregnancy (yes versus no); 4. postnatal
maternal smoking from after birth to last follow-up between 6 to
10 years of age (‘regular smoker’ and ‘irregular smoker’ versus
‘never smoke’ as reference category); 5. educational level of
parents at birth of child (by tertile according to school years as
proxy for socio-economic status); 6. one or more older siblings (yes
versus no); 7. home/apartment with convenient ground access
(ground or 1st floor versus 2nd floor or higher); 8. crowding at
home (number of persons per square meter or room; in quintiles,
with the lowest quintile as reference category); 9. gender (boys
versus girls); 10. breast feeding duration (in months); 11. doctor’s
diagnosed eczema any time between birth and 2 years (yes versus
no).

Statistical analyses

For each cohort, a multivariable logistic regression analysis was
used to calculate the adjusted odds ratio (OR) and 95% confidence
intervals (CI) to estimate the effect of pet exposure in the first 2
years on the primary (current asthma) and secondary outcomes at
age 6 to 10 years. Adjustment was performed for 7 potential
confounders that were available for all studies (these were factors
1, 4-6, and 9-11 as listed above) and in addition, for all factors
available for the respective cohort. Furthermore, we performed
sensitivity analyses using (i) only the 7 potential confounders
available for all studies, and (i1) using a propensity score approach
for adjustment [37,38]. For the latter, all available covariates as
listed above (except gender of the child) were used for each study
separately to estimate scores indicating the propensity of pet
ownership for each participant using logistic regression analysis;
subsequently these propensity scores plus gender were used as
adjustment variables for modelling pet ownership and outcomes.
For the primary outcome, we additionally analyzed possible two-
way interactions (effect modification) between pet exposure and (i)
parental allergy status, (i) smoking in pregnancy and (iii) postnatal
maternal smoking.

The combining of results from all cohorts was done by random-
effect meta-analyses with the inverse-variance method, based on
the assumption that the associations in the different cohorts are not
identical, estimating the average of the associations [39,40]. As
further sensitivity analyses for the primary outcome, we calculated
fixed-effect meta-analyses, where it is assumed that the association
1s the same across all cohorts [39].

In subgroup analyses, we assessed the associations for the
following groups: (i) parents with and (ii) without asthma or allergic
rhinitis ever; (iii) parents with and (iv) without pet allergies ever; (v)
parents with asthma and/or allergic rhinitis, but without pet
allergies; and (vi) parents without any allergies. Furthermore, we
analyzed studies with high and those with low prevalence of pet
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ownership separately, and compared cohorts from major climatic
regions in Europe (Nordic, Maritime, Central, and South).

In all analyses, a level of 0.05 was considered as statistically
significant, without adjustment for multiple testing. Heterogeneity
among the studies was tested using chi-squared Q-statistic and I°.
We performed meta-analyses with Review Manager version 5.0
(German Cochrane Centre, Freiburg, Germany) and all other
analyses with SAS version 9.1 (SAS Institute, Cary, NC, USA).

Results

11 European studies, including the largest and oldest birth
cohorts that were specifically designed to examine asthma and
allergies, expressed interest and were included in the combined
analyses. The recruitment of newborns and their families took
place from 1989 (Isle of Wight, UK) to 1998 (DARC, Denmark
and Leicester, UK) (Table 1). During age 6 to 10 years most
cohorts achieved a follow-up rate of over 75%, this being the
highest in the Isle of Wight and the three Scandinavian cohorts
(Table 1).

Pet ownership

Pet ownership ranged from around 60% (Isle of Wight, UK) to
around 20% (BAMSE, Stockholm, Sweden), only cat ownership
from 28% (Dutch PIAMA-NHS) to 4% (Menorca, Spain), and
only dog ownership from 18% (the 2 islands Menorca and Isle of
Wight) to 4% (BAMSE) (Table 1). Keeping both cat(s) and dog(s)
but no other pets was particularly common on the Isle of Wight
(UK), keeping birds only in the 2 Spanish cohorts, and keeping
rodents only in Leicester, UK, and the Dutch PIAMA-NHS
cohort, respectively. Data to define the pet ownership categories
was available for 40% (Menorca, Spain) to 93% (Leicester, UK).

Primary endpoint

The prevalence of current asthma at 6-10 years ranged from
2.9%-18.7% (Table 2). There were no significant associations
between any type of pet ownership during the first 2 years and
asthma during 6-10 years in the adjusted estimates of the main
meta-analyses or in any of the individual cohorts (Figure 1). The
meta-analysis odds ratio (OR) for asthma when owning a cat was
1.00 (95% confidence interval 0.78-1.28) and 0.77 (0.58-1.03)
when owning a dog. Owning both cat and dog resulted in an OR
for asthma of 1.04 (0.59-1.84). The OR of bird ownership was
1.03 (0.69-1.52), and 1.03 (0.64-1.66) for rodents. Heterogeneity
across the cohorts was not significant.

Main results were similar when analyzing shorter pet exposure
time periods (e.g. around birth or during first 12 months) or in
sensitivity analyses using a propensity score to control for potential
confounding. Also, meta-analyses in subgroups showed no
significant association of pet ownership and asthma among
parents with or among those without asthma/allergies, in cohorts
with only high or those with only low pet prevalence, or in
subgroups of cohorts from 4 major climatic regions in Europe.

No significant associations that would suggest effect modifica-
tion were found when we analyzed two-way interactions between
pet exposure and parental allergies, maternal prenatal smoking, or
postnatal maternal smoking. Results were similar for fixed
compared with random effect meta-analyses.

August 2012 | Volume 7 | Issue 8 | e43214



A) Cat only vs. no pet ownership (n=6978)

Odds Ratio
IV, Random, 95% CI

0Odds Ratio
IV, Random, 95% CI

Study or Subgroup log[Odds Ratio] SE Weight
01ECA -0.76013 0.359863 6.4%
02 BAMSE -0.09375 0.185211 24.2%
03 DARC 0 0

04 low 0.025157 0.218014 17.5%
05 PIAMA-NHS -0.09758 0.178439 26.1%
06 MAS -0.35486 0.33194  7.5%
07 LISA -0.25458 0.27098 11.3%
08 GINI-B 0.101566 0.347143 6.9%
09 AMICS_Barcelona 0 0

10 AMICS_Menorca 0 0

Total (95% CI) 100.0%

Heterogeneity: Tau® = 0.00; Chi* = 4.74, df =6 (P = 0.58); I° = 0%
Test for overall effect: Z=1.55 (P = 0.12)

0.47 [0.23,0.95]

0.91[0.63, 1.31] -
Not estimable
1.03 [0.67, 1.57] -+
0.91[0.64, 1.29] -
0.70[0.37, 1.34] -
0.78 [0.46, 1.32] -
1.11 [0.56, 2.19] T
Not estimable
Not estimable
0.87 [0.73, 1.04] 4
001 04 1 10 100

Cat only is protective Cat only is a risk

B) Dog only vs. no pet ownership (n=6978)

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
01 ECA -1.19438 0.378103 128% 0.30 [0.14, 0.64]
02 BAMSE -0.59241 0.289784 16.2% 0.55[0.31, 0.98] -
03 DARC 0 0 Not estimable
04 loW 0.249487 0.237813 18.4% 1.28 [0.81, 2.05] T
05 PIAMA-NHS -0.23053 0.281618 16.5% 0.79 [0.46, 1.38] -
06 MAS -0.69333 0.404246 11.9% 0.65[0.25, 1.22] -
07 LISA -0.77988 0.416801 11.5% 0.46 [0.20, 1.04] /]
08 GINI-B -0.17793 0.382876 12.6% 0.84 [0.40, 1.77] I
09 AMICS_Barcelona 0 0 Not estimable
10 AMICS_Menorca 0 0 Not estimable
Total (95% Cl) 100.0% 0.65 [0.45, 0.95] L 2
Heterogeneity: Tau? = 0.14; Chi? = 13.85, df = 6 (P = 0.03); P = 57% ‘0 o1 0' 1 1'0 100‘

Test for overall effect: Z = 2.23 (P = 0.03)

Dog only is protective Dog only is a risk

C) Cat and dog only vs. no pet ownership (n=5747)

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
01 ECA 0 0 Not estimable
02 BAMSE -1.21112 0.620049 14.9% 0.30 [0.09, 1.00] —
03 DARC 0 0 Not estimable
04 loW -0.621 0.324449 32.4% 0.54 [0.28, 1.02] —
05 PIAMA-NHS -0.0482 0.376387 28.1% 0.95[0.46, 1.99] —
06 MAS 0 0 Not estimable
07 LISA 0474752 0.535369 18.4% 1.61[0.56, 4.59] T
08 GINI-B -1.1827 1.061252 6.1% 0.31[0.04, 2.45] - 1
09 AMICS_Barcelona 0 0 Not estimable
10 AMICS_Menorca 0 0 Not estimable
Total (95% CI) 100.0% 0.68 [0.40, 1.18] L
Heterogeneity: Tau? = 0.13; Chi? = 6.25, df = 4 (P = 0.18); I = 36% :0.01 0?1 1=0 mn:

Test for overall effect: £ = 1.37 (P =0.17)

Cat + dog is protective Cat + dog is a risk

D) Bird only vs. no pet ownership (n=6978)
Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI

Odds Ratio
IV, Random, 95% CI

01ECA -0.47694 0.366235 12.4% 0.62[0.30, 1.27]
02 BAMSE 0.187539 0.314402 16.8% 1.21[0.65, 2.23]
03 DARC 0 0 Not estimable
04 low 0.244861 0.407242 10.0% 1.28 [0.58, 2.84]
05 PIAMA-NHS 0.136105 0.274714 22.0% 1.15[0.67, 1.96)
06 MAS -0.31451 0.334908 14.8% 0.73[0.38, 1.41]
07 LISA -0.12163 0.358562 12.9% 0.89[0.44, 1.79]
08 GINI-B 0.134043 0.389523 11.0% 1.14 [0.53, 2.45]
09 AMICS_Barcelona 0 0 Not estimable
10 AMICS_Menorca 0 0 Not estimable
Total (95% CI) 100.0% 0.98 [0.76, 1.26]

Heterogeneity: Tau® = 0.00; Chi* = 3.75,df =6 (P =0.71); I’ = 0%

0.01

0.1 1 10 100

Test for overall effect: Z = 0.16 (P = 0.87)

Bird only is protective Bird only is a risk

E) Rodent only vs. no pet ownership (n=5585)

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
01 ECA 0 Q Not estimable
02 BAMSE -0.63831 0.463083 15.7% 0.53[0.21, 1.31] -
03 DARC 0 ] Not estimable
04 loW 0 0 Not estimable
05 PIAMA-NHS -0.70599 0.343225 28.6% 0.49 [0.25, 0.97] —=
08 MAS -0.29067 0520234 12.4% 0.75[0.27, 2.07] .
07 LISA -0.04576 0.351511 27.2% 0.96 [0.48, 1.90] .
08 GINI-B -0.34605 0456928 16.1% 0.71[0.29, 1.73] I
09 AMICS_Barcelona 0 0 Not estimable
10 AMICS_Menorca 0 0 Not estimable
Total (95% Cl) 100.0% 0.67 [0.47, 0.95] <&
Heterogeneity: Tau? = 0.00; Chi* = 2.13,df =4 (P = 0.71); F = 0% '0,01 0f1 0 100‘

Test for overall effect: Z = 2.21 (P = 0.03) Rodent only is protective Rodent only is a risk
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Figure 3. Allergic sensitization. Meta-analyses of the adjusted odds of allergic sensitization (sensitized to at least 1 aero-allergen) in early
school age and pet ownership in the first 2 years of life for: A), cat only vs. no pets; B), dog only vs. no pets; C) cat and dog only vs. no pets; D) bird
only vs. no pets; E) rodents only vs. no pets. (There were no IgE data available for Leicester 1998 cohort.)

doi:10.1371/journal.pone.0043214.g003

Secondary endpoints

Allergic asthma. The overall prevalence of allergic asthma
(defined as current asthma and sensitization to =1 aero-allergen)
in early school age was 4.0%, ranging from 1.2% at six years to
9.1% at 10 years (Table 2). Pet ownership was not associated with
asthma in combination with sensitization to =1 aero-allergen
(Figure 2), to =1 indoor-, to =1 outdoor, or to =1 aero- or food
allergen in the meta-analyses of all cohorts (data not shown). Based
on results from only 3 cohorts with data available, owning a dog
was not associated with asthma in combination with sensitization
to dog (OR 1.14, 95% CI 0.57-2.28) or to cat. However, owning
cats increased the odds of having asthma combined with
sensitization to dog (OR 2.59, 95% CI 1.49-4.49) and to cat
(OR 1.91, 95% CI 1.16-3.12).

Non-allergic asthma. Asthma without sensitization to any
aero- or food allergen (“non-allergic asthma”) was not significantly
associated with cat (OR 0.99, 0.51-1.94), dog (OR 1.35, 0.71—
2.57), bird (OR 1.80, 0.80-4.04) or rodent ownership (OR 1.70,
0.53-5.44) in the meta-analyses of all cohorts. Results from the
only 2 cohorts with sufficient data regarding both cat and dog
ownership (BAMSE and PIAMA-NHS) showed that owning both
cat(s) and dog(s) increased the odds of non-allergic asthma (OR
3.66, 1.50-8.93).

Allergic sensitization and rhinitis. The prevalence of
sensitization to =1 acro-allergen ranged from 26%-33% during
6-10 years (Table 2). Having dogs or rodents during the first 2
years significantly reduced the odds of sensitization to =1 aero-
allergen (OR 0.65, 0.45-0.95 for dog; OR 0.67, 0.47-0.95 for
rodent; Figure 3). Cat ownership showed a similar trend (OR 0.87,
0.73-1.04). The prevalence of parent-reported rhinitis during 6—
10 years plus sensitization to =1 aero-allergen was 7.7% (Table 2).
Allergic rhinitis was not associated with any pet ownership
(Figure 4).

Insufficient data for the definition of the primary endpoint
ranged from 5% (AMICS-Menorca) to 54% (MAS) of the
participants; from 10% (AMICS-Menorca) to 55% (MAS) for
defining allergic asthma; 10% (AMICS-Menorca) to 48% (ECA)
for allergic rhinitis, and 17% (DARC) to 75% (GINI-B) for the
definition of allergic sensitization.

Discussion

Principal findings

Our meta-analyses showed that ownership of single types of
furry pets or birds in the first 2 years of life neither increased nor
decreased the risk of asthma, non-allergic asthma (not sensitized to
any aero- or food-allergen), allergic asthma or allergic rhinitis
(both included sensitization to at least 1 aero-allergen) in school-
aged children. However, living with furry pets in the first 2 years
appeared to reduce the likelihood of becoming sensitized to aero-
allergens in early school-age regardless of respiratory symptoms.

Comparison with other studies

An older meta-analysis, mainly with cross-sectional studies from
the 1990s, showed a slightly increased risk of asthma or wheezing
for children >6 years in relation to any pet exposure, but did not
analyze different types of pets [41]. A more recent meta-analysis of
9 cohort studies (including children of all ages) showed a protective
effect for asthma related to cat exposure [42]. Both previous meta-
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analyses were based on published risk estimates with the
disadvantage that exposure, potential confounders and outcome
could not be harmonized across the included studies compared to
our analyses using individual raw data from 11 birth cohort studies
with long-term prospective assessments.

The reduced sensitization to aero-allergens related to furry pet
ownership is consistent with similar findings in several previous
studies, particularly for dogs [7,21,22,24,43]. We found that
rodent ownership showed this protective effect too, and that dog
ownership was associated with reduced risk of sensitization to
common food allergens (data not shown).

Strengths of present analyses

Our approach was different than a previous meta-analysis on
this topic because we were able to collect, harmonize, and
combine the individual participant data from 11 birth cohorts
instead of using published risk estimates based on heterogeneous
outcome and exposure definitions and age groups [42].

The large sample allowed the definition of mutually exclusive
pet exposure categories: ownership of “only cat(s)”’, “only dog(s)”,
“only rodent(s)”, and “only bird(s)”. This is another unique feature
of our collaborative study compared to previous studies, which did
not separate potential effects of “clean” pet exposure categories.
Furthermore, analyzing the time at birth, the first and the second
year of life separately, the results were very similar compared with
the whole period of the first 2 years. This suggests that our results
are robust, and do not point towards a narrow post natal period
with increased susceptibility to pet exposure in the home.

For the outcome definition, previous studies used single
variables such as parent-reported wheezing or doctor’s-diagnosed
asthma, which may have over- or underestimated the real
prevalence of asthma. To avoid a potential over-estimation of
asthma prevalence we used a more stringent definition for the
primary outcome asthma based on at least 2 out of the 3
conditions parent-reported wheezing, doctor’s-diagnosed asthma
and asthma medication [35]. Also, pet ownership was not assessed
in relationship to severity of asthma since our aim was to
investigate the possible role of pets in primary prevention of
asthma. Our definition of allergic rhinitis was not only based on
typical symptoms but also included detection of serum IgE.

A limitation of previous studies may have been the lack of
sufficient adjustment for potential confounding. The size of our
sample had enough statistical power to take into account potential
confounders including family, social and domestic factors in most
cohorts [31].

Although the birth cohorts come from different climatic
European regions, include children born in different years
(between 1989-1998), have urban and rural/island study settings,
different prevalences of allergies and patterns of pets, the statistical
tests for heterogeneity were rarely significant, which strengthens
the findings and generalizability of our analyses.

Possible limitations

Avoidance behavior in families with allergies could be an
explanation for the “protective effect” of pet keeping seen in some
previous studies (reverse causation) [7]; however reasons for
avoiding pets were not assessed in most birth cohorts. We
addressed the issue of avoidance behavior due to parental allergies
to some extent by running meta-analyses in several subgroups.
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A) Cat only vs. no pet ownership (n=10384)

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE_Weight 1V, Random, 95% ClI IV, Random, 95% CI
01 ECA -0.67639 0.501368 6.1% 0.51[0.19, 1.36] B
02 BAMSE 0.392466 0.246638 25.0% 1.48[0.91, 2.40] =
03 DARC -0.10536 1.114757  1.2% 0.90[0.10, 8.00] N I
04 low -0.27036 0.295177 17.5% 0.76 [0.43, 1.36] -
05 PIAMA-NHS -0.07109 0.262067 22.2% 0.93 [0.56, 1.56] -
08 MAS -0.22374 0.408098 9.1% 0.80[0.36, 1.78] e
07 LISA 0.115347 0.381555 10.5% 1.12[0.53, 2.37] b
08 GINI-B 0.418294 0.4263652 8.4% 1.52 [0.66, 3.50] N
09 AMICS_Barcelona 0 0 Not estimable
10 AMICS_Menorca 0 0 Not estimable
Total (95% CI) 100.0% 1.02 [0.80, 1.30] L 4
Heterogeneity: Tau® = 0.00; Chi* = 6.60, df = 7 (P = 0.47); F = 0% =0 o1 0=1 1=0 100=

Test for overall effect: Z = 0.16 (P = 0.87) Catonly is protective Cat only is a risk

B) Dog only vs. no pet ownership (n=10107)

0Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
01 ECA -1.06541 0.555887 9.4% 0.34[0.12, 1.02]

02 BAMSE -0.31299 0.392624 18.9% 0.73[0.34, 1.58] T

03 DARC 0 0 Not estimable

04 low 0.057685 0.300076 32.4% 1.06 [0.59, 1.91] -

05 PIAMA-NHS -0.90777 0546903 9.8% 0.40 [0.14, 1.18] T

06 MAS -0.3844 0.541887 9.9% 0.68[0.24, 1.97] L

07 LISA 0.18112 0496888 11.8% 1.20[0.45, 3.17] e

08 GINI-B -0.21846 0617938 7.6% 0.80 [0.24, 2.70] .

09 AMICS_Barcelona 0 0 Not estimable

10 AMICS_Menorca 0 0 Not estimable

Total (95% CI) 100.0% 0.77 [0.55, 1.07] q
Heterogeneity: Tau? = 0.00; Chi? = 5.49, df = 6 (P = 0.48); 2= 0% ?0 o1 0“ 1 H 150 1 00=

Test for overall effect: Z = 1.54 (P = 0.12) Dog only is protective Daog only is a risk

C) Cat and dog only vs. no pet ownership (n=7233)

Odds Ratio Odds Ratio

Study er Subgroup log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
01 ECA 0 0 Not estimable

02 BAMSE -1.02606 1.031364 8.7% 0.36 [0.05, 2.71) [

03 DARC 0 0 Not estimable

04 low -0.42907 0.439454 47.7% 0.65 [0.28, 1.54] —

05 PIAMA-NHS -0.21377 0570991 28.3% 0.81[0.26, 2.47] — .

06 MAS 0 0 Not estimable

07 LISA 0.753601 0.773981 15.4% 2.12[0.47, 9.68) -1 -
08 GINI-B 0 0 Not estimable

09 AMICS_Barcelona 0 0 Not estimable

10 AMICS_Menorca 0 0 Not estimable

Total (95% CI) 100.0% 0.79 [0.43, 1.43] *

001 04 1 10 100
Cat + dog only protective Cat + dog only risk

Heterogeneity: Tau? = 0.00; Chi? = 2.42, df = 3 (P = 0.49); I* = 0%
Test for overall effect: Z=0.78 (P = 0.43)

D) Bird only vs. no pet ownership (n=10207)

Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI 1V, Random, 95% CI
01ECA -0.76927 0.562268 9.1% 0.47 [0.16, 1.41] B

02 BAMSE 0.439752 0.397255 17.5% 1.55[0.71, 3.38] I
03 DARC ] 0 Not estimable

04 low 0.551957 0.498724 11.4% 1.74 [0.65, 4.62] I
05 PIAMA-NHS 0.235576 0.379267 19.1% 1.27 [0.60, 2.66] -
06 MAS -0.23942 0412431 16.3% 0.79[0.35, 1.77] —

07 LISA 0.665511 0.423832 15.5% 1.95[0.85, 4.46] T
08 GINI-B 0.435031 0.553889 9.4% 1.55[0.52, 4.58] —_1T
09 AMICS_Barcelona 1.666596 1.347377 1.6% 5.29 [0.38, 74.25] T

10 AMICS_Menorca 0 0 Not estimable

Total (95% Cl) 100.0% 1.28 [0.91, 1.80]

Heterogeneity: Tau? = 0.01; Chi* = 7.40, df = 7 (P = 0.39); F = 5%

Test for overall effect: Z = 1.43 (P = 0.15)

0.01

d

0.1 10 100

Bird only is protective Bird only is a risk

E) Rodent only vs. no pet ownership (n=8648)

Study or Subgroup

log[Odds Ratio]

Odds Ratio

SE Weight IV, Random, 95% CI

01 ECA 0
02 BAMSE 0.152112
03 DARC 0
04 loW 0
05 PIAMA-NHS -0.4315
06 MAS -0.00262
07 LISA -0.42465
08 GINI-B -0.06079
09 AMICS_Barcelona 0
10 AMICS_Menorca 0

Total (95% CI)

0
0.618027
0
0
0.540119
0.665343
0.616796
0.759995
0
0

20.7%

27.1%
17.8%
20.8%
13.7%

100.0%

Odds Ratio
IV, Random, 95% CI

Not estimable
1.16 [0.35, 3.91]
Not estimable
Not estimable
0.65 [0.23, 1.87]
1.00 [0.27, 3.67]
0.65 [0.20, 2.19]
0.94 [0.21, 4.17]
Not estimable
Not estimable

0.83 [0.48, 1.45]

Heterogeneity: Tau® = 0.00; Chi* = 0.76, df = 4 (P = 0.94); I = 0%

Test for overall effect: Z=0.65 (P = 0.52)
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Figure 4. Allergic rhinitis. Meta-analyses of the adjusted odds of allergic rhinitis (sensitized to at least 1 aero-allergen; secondary endpoint) in
early school age and pet ownership in the first 2 years of life for: A), cat only vs. no pets; B), dog only vs. no pets; C) cat and dog only vs. no pets; D)

bird only vs. no pets; E) rodents only vs. no pets.
doi:10.1371/journal.pone.0043214.g004

The results were very similar among children from parents without
allergies (asthma, allergic rhinitis, pet allergy) compared to
children from parents with allergies. Furthermore, keeping certain
types of pets may be associated with different life-styles that we
were unable to account for in the present meta-analyses.

Another possible limitation of our analyses is that for some birth
cohorts the outcome was only available for 6 years of follow-up (at
this age asthma may not have been fully developed in some
subjects), whereas for others we could include the 8 and 10 year
follow-up data. Comparing the effect estimates of the individual
birth cohorts, we did not find that cohorts with a 6 year follow-up
differed from the older cohorts; instead we found rather
homogeneous results across the cohorts.

Some cohorts assessed more potential confounding variables
than others. However, when we repeated our analyses with only
those confounders that were assessed in all studies our results did
not change considerably. Since most cohorts did not ask for the
number of pets at home, we could not examine the possibility of a
dose-response relationship of pet keeping.

A risk of participation bias in each included study could be
present and it could be different for each study (e.g. due to regional
differences in disease awareness or in recruitment strategies).
However, while this might influence the observed prevalences for
allergic diseases, this should less influence any association between
pet ownership and allergic disease. On the other hand, each
cohort had different numbers of observations available to define
the primary and secondary outcomes, and some kind of selection
bias cannot be excluded.

Assessing total exposure to pet allergens in early life was outside
the aim and scope of the present study. Furthermore, total allergen
exposure, which is virtually impossible to measure, would not
influence the scientific evidence for giving advice on pet keeping or
not.

When interpreting the results, the reliance upon parents’
questionnaire data should be kept in mind. It should be noted,
however, that standardized ISAAC questions were used to assess
allergic symptoms and diseases. In addition, the quality of data
might not be equal across the included studies due to data
collection timing and methods.

We examined various secondary endpoints while performing
over a hundred additional explorative analyses of the whole
dataset and of subgroups. Some of these subgroups included only 2
or 3 birth cohorts if these were the only ones with sufficient
exposure and/or outcome data. Almost all analyses showed no
associations between exposure and secondary outcomes with a few
exceptions, e.g. a positive association between cat ownership and
asthma in combination with sensitization to dog or cat allergens,
however dog ownership was not associated with asthma in
combination with dog or cat allergens. Another positive associa-
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Conclusions

This pooled analysis of individual participant data from 11
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